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charge on the surface of the glass, thereby altering the phase boundary
potential between the surface of the glass membrane and the solution. The
activities of other cations (for example, Na+ and K+) required to yield the
same phase boundary potential are much greater (sometimes as high as 10n
times, depending on the exact composition of the glass material), because
these species exhibit much weaker interactions with the Si-O~ sites. This is
perhaps the simplest, yet most impressive, example of analytically useful
chemical recognition and selectivity. The challenge is to achieve this level
of selectivity (while maintaining reversibility) within other electrochemical
devices, as well as newer optical and piezoelectric devices.

Synthetic organic chemistry is critical to progress in this area. Indeed,
the design of metal ion binding ligands for use in sensors, as well as for
preparative separation processes in metallurgy and related areas, is cur-
rently an active area of research. A wide range of crown ethers, cryptands,
hemispherands, and acyclic molecules containing electronegative oxygen
atoms or mixed oxygen and nitrogen electron donor atoms in appropriate
geometric positions within these ionophore structures have been synthe-
sized, and some of these compounds have been used for the development of
relatively selective optical and electrochemical sensors for Na+, Ca2+, Li+,
K+, and most recently Mg2+ (Figure 3). Naturally occurring antibiotics with
macrocyclic structures, such as valinomycin (for K+) and monensin (for
Na+), may also be used for the fabrication of ion sensors. Other molecules
possessing various combinations of oxygen and sulfur atoms (as ether links)
or all-sulfur-based thiacrown structures exhibit selective recognition of cer-
tain transition metals (Ag+, Cu2+, Zn2+, and others). In all cases, cation
selectivity is dictated by the size and shape of the binding site formed by
the three-dimensional configuration of electronegative oxygen, nitrogen, and
sulfur atoms.

The design and synthesis of molecules that interact with specific an-
ionic species has received far less attention. In contrast with cationic rec-
ognition, there is no known generic arrangement of electrophilic atoms that
provides the basis for recognizing and distinguishing anions. While the
synthesis of the macrocyclic structures with multiple positively charged
nitrogen sites, in the form of guanidinium or polyamines, has been success-
ful (in terms of binding various anionic species), the resulting structures do
not exhibit analytically relevant anionic selectivities. Moreover, the pres-
ence of positive charges on these structures, required for anion interaction,
is highly pH dependent, and this limits the potential in situ application of
such chemical recognition reagents. Indeed, such sensors can only function
effectively when the sample solution is buffered or a buffered region exists
at the surface of the sensor. An alternative strategy involves the synthesis
of organic molecules possessing electrophilic carbon atoms that can react
reversibly with certain nucleophilic anions (particularly CO.,2") to form an-